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SlftUCTURg -ACTIVITY  RELATIONSHIPS  AND  IMMUNOCHEMICAL 
. —  '  STUDIES  ON  COBBOTOXIN 

V 

'  The  amino  acid  sequence  of  cobro toxin  has  recently  been  esta- 
bliihei'ia  our  laboratory'*  However,  in  consideration  that  the 
disulfide  bonds  tro  the  major  bends  which. maintain  the  protein  in 
its  native  configuration  and  that  the  integrity  of  the  disulfide 
bonds  is  important  for  the  venom  to si  city ,  it  is  therefore  essential 
that  each  pair  of  the  half-cyatinyl  residues  •JrS'j  determined**  to 
assist  in  the  elucidation  of  the  two-dimensional  structure  of 
cobro  toxin* 

Cobrotoxin  was  digested  with  acid  protease  A  and  the  resulting 
five  cystine  peptides  were  separated  by  high-voltage  paper  electro¬ 
phoresis.  The  identification  of  the  disulfide  bridges  was  made 
by  determining  the  amino  acid  composition  of  the  corresponding 
cysteic  acid  peptides  obtained  after  the  oxidation  of  the  single 
cystine  peptides* — »hex double  cystine  peptide  which  contains  the 
-CyS-CyS-  linkage  in  seqUejnce  from  the  acid  protease  A  digest  was 
further  partially  hydrolysed  with  acid  under  conditions  In  which 
the  disulfide  bands  were  stable.  ."Five  cystine  peptides  wars 
obtained  from  which  the  two  remaining  disulfide  bridges  wore  esta¬ 
blished.  The  specificity  of  the  acid  protease  A,  the  selectivity 
of  acid  hydrolysis,  and  the  structure  of  cobro  toxin  wwo  discussed.  ■  ) 


ABSTRACT 


The  Position  of  Disulfide  Bonds  In  Cobrotoxin 

The  amino  acid  sequence  of  cobrotoxin  has  recently  been  eeta- 
bliahad  in  our  laboratory.  However,  in  consideration  that  the 
disulfide  bonds  are  the  major  bonds  which  maintain  the  protein  in 
its  native  configuration  and  that  the  integrity  of  the  disulfide 
bonds  is  important  for  the  venom  toxicity,  it  is  therefore  essential 
that  each  pair  of  tho  half-cystinyl  residues  is  determined,  to 
assist  in  the  elucidation  of  the  two-dimensional  structure  of 
cobro toxin. 

The  fragmentation  of  protein  in  tho  study  of  disulfide  bridges 
is  usually  carried  out  with  pepsin  under  acidic  pH.  However, 
cobrotoxin  is  not  attacked  by  pepsin  and  is  also  not  cleaved  to 
single  cystine  peptides  by  either  trypsin  or  chymoirypsin  or  the 
combination  of  both.  Consequently,  the  fragmentation  of  the  toxin 
was  carried  out  with  acid  protease  A. 

Cobro to sin  was  digested  with  acid  protease  A  in  5  %  acetic 
acid  and  the  resulting  S-containing  peptides  were  separated  by 
high-voltage  paper  electrophoresis.  The  identification  of  the 
disulfide  bridges  was  made  by  determining  the  amino  acid  composition 
of  the  corresponding  cysteic  acid  peptides  obtained  after  the 
oxidation  of  the  single  cyBtina  peptides.  However,  peptide  All 
gave  the  result  indicating  that  it  represents  the  sequence  from 
positions  (42)-43  to  6I-C62)  of  cobrotoxin.  Hence  it  is  a  double 
cystine  peptide  which  contains  the  -CyS-CyS-  linkage  in  sequence 
was  not  cleaved  by  the  acid  protease  A,  Therefore,  the  pantide 
was  further  subjected  to  partial  acid  hydrolysis  at  37®  for  10  days 
with  10  N  HgSO^  in  50  %  acetic  acid  containing  thioglycollic  acid. 
Five  cystine  peptides  were  obtained  from  which  the  two  remaining 
disulfide  bridges  were  established. 

The  result  of  this  study  was  summarised  in  Fig.  4,.  which  gave 
the  complete  structure  of  cobrotoxin  showing. the  position  of  the 
disulfide  bonds  and  the  sequence  of  the  amino  acid  residues.  The 
region  of  the  molecule  from  residues  25  to  40  contains  most  of  the 
basic  and  the  functional  residues  in  close  crder  and  is  completely 
free  of  prolyl  and  cystinyl  residues.  This  uncross- linked  loop., 
projecting  outward  from  the  molecule  because  of  its  hydrophilic 
character.  It  is  the  only  region  in  the  molecule  where  potentially 
a  considerable  degree  of  d-helical  structure  could  be  present  and 
■ay  Play  an  important  role  in  toxicity. 
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B-l  Fig.  1.  Electrophoretic  separation  of  cystine  peptides  12 

from  acid  protease  A  digest  of  cobrotoxin  (pH  5,4,  48  V/es, 

90  ain)  and  of  cystoic  acid  peptides  from  the  cystine 
peptides  (pH  5.4,  48  V/ea,  60  min). 

B-2  Fig.  2.  Electrophoresis  of  the  neutral  band  All  at  pH  1.9  23 

and  the  separation  of  cysteic  acid  peptides  from  AXXa 
(pH  1.9,  56  V/cn,  90  sin). 

B-3  Fig.  3.  Electrophoretic  separation  of  (A)  cystine  14 

peptides  fro«  acid  hydrolysates  of  Alia  (pH  5.4,  46  V/ca, 

90  Bin)  and  of  (B)  the  oxidation  products  ef  the  cystine 
peptides  (pH  5,4,  46  V/ca,  60  min). 

B-4  Fig.  4.  Structure  of  cobrotoxin.  Tv©-dis»®naionaZ  IS 

schea&tic  diagram  showing  tha  arrangement  of  the  disulfide 
bonds  and  the  sequence  of  the  amino  acid  residues. 
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a  Position  of  Disulfide  Bonds  in  Cobrotoxin 


X.  Introduction 

Tbo  amino  acid  sequence  of  cobrotoxin  has  recently  been  esta¬ 
blished  in  our  laboratory  (l).  However,  in  consideration  that  the 
disulfide  bonds  are  the  major  bonds  which  maintain  the  protein  in 
it*  native  configuration  (2,  3).  and  that  the  integrity  of  the 
disulfide  bend a  is  important  for  the  venom  toxicity  (4),  it  is 
therefore  essential  that  each  pair  of  the  half-cystinyl  residues 
is  determined,  to  assist  in  the  elucidation  of  the  two-dimensional 
structure  of  cobrotox*-.. 

•  Considerable  work  has  ba®n  done  successfully  with  this  problem 
"(5-5)  and  the  diagonal  electrophoretic  technique  of  Brow  and 
Martloy  (7»  8)  has  been  proved  to  ba  a  vary  convenient  mathodo 
The  experiment  to  be  described  indicates  that  tha  separation  of 
cystine  and  cysteic  acid  peptides  from  the  digest  of  cobrotoxin 
was  achieved  by  this  method  and  of  Ryle  _et  _al.  (5),  and  that  the 
partial  fragmentation  of  cobrotoxin  was  carried  cut  successfully 
by  using  the  combination  of  acid  protease  A  and  acid  hydrolysis 
under  the  condition  used  by  Ryle  at  al .  (5)* 

The  identification  of  disulfide  bonds  was  mad®  by  determining 
the  amine  acid  composition  of  the  corresponding  cysteic  acid 
peptides.  From  the  results  of  this  investigation,  the  four  disul¬ 
fide  hands*  in  esbro toxin  have  been  established. 


Cobrotoxin  used  in  this  study  was  prepared  from, Form* aan  cobra 
(Mai*  na.is  fttre)  venom  aa . previously  described  (9).  Acid  protease 
A,  PAP-2,  was  tha  product  of  Seikagaku  ICogyo  Company,  Japan. 

Dewax  2-X  8  {acetate  ffona,  200-400  mesh)  was  obtained  from  Bio-Had 
Company  and  thioglycollic  acid  was  purchased  from  Sigma  Chemical  - 
Company.  All. ether  reagents  were  ef  analytical  reagent  grade. 

1.  Digestion  of  cobrotoxin 


Cystine  peptides  iron  acid  pro  to  a  tie  A  digest  were  sopar&ta'S 


M  ^p^P^Sj  ifjhflff^  ^^JWjIT^'WJT^^' 


fey  high-voltage  paper  electrophoresis  at  pH  5.4  with  pyridine- 
acetic  eeid-water  (20  i  ?  i  973,  by  vol.)  (t)  on  a  30  x  74  cm  stssst 
of  Whatman  No.  3  KH  paper.  After  drying,  i  cm  stripe  were  cut  ant 
from  both  sides  of  th&  electrcphoretogram  and  developed  with  CN- 
nltroprussida  reagent  (lO).  The  main  neutral  band  was  cut  out  and 
stitched  to  a  fresh  sheet  for  the  second  electrophoretic  purifi¬ 
cation  at  pH  1.9.  All  cystine  peptide  bands  were  cut  out,  eluted 
with  1  54  acetic  acid  and  the  eluatee  were  subjected  to  oxidation 
with  porforaic  acid. 


3*  Oxidation  ef  cystine  peptides 

The  oxidation  was  carried  out  by  adding  a  few  drops  of  a 
solution  of  perform! c  acid  freshly  prepared  by  Mixing  1  vol.  of 
33  %  H202  with  9  vol.  of  formic  acid.  Oxidation  was  allowed  to 
proceed  for  30  min,  a  few  drorv  of  water  were  then  added  and  th® 
solutions  were  taken  tc  dryness..  The  residues  were  subjected  to 
paper  electrophoresis  at  pH  5*4  and  the  cystoic  acid  peptides  were 
developed  with  0.2  $  ninhydrin  in  acetone. 

4.  Amino  acid  analysis 


The  cysteic  acid  peptide  bands  cut  out  from  th®  electrophora- 
tegram  were  eluted  with  constant  boiling  HC1  (5.7  M)  and  hydrolyzed 
at  110°  for  24  h  in  evacuated  sealed  tubes.  The  amino  acids  were 
determined  on  a  Technicon  amino  acid  autoanalyzer  using  a  0.3  x  75 
cm  column  and  50  mm  flow  cell  to  increase  the  sensitivity  to  detect 
amino  acids  in  concentrations  as  lew  as  5  nanomoles. 


The  peptide 
10  H  H2504  in  50 
(1.32  atg)  .  The 
through  a  column 
The  eluate  was  ev 
to  elect re pheresi 
acid  peptides  aa 


Partial  acid  hydrolysis  of  the  double  cystine 
peptide  which  contains  the  -CyS-Cy3-  11;>. 

was  partially  hydrolyzed  at  37°  for  10  day*  with 
%  acetic  acid  (2  ml}  containing  thioglycallic  acid 
hydrolysate  was  freed  from  H2S04  by  passage 
ef  Dawes  £-3  8  using  20  %  acetic  acid  as  an  eluent, 
aporated  to  dryness  and  th®  residue  was  subjected 
s  for  the  identification  cf  cystine  and  cysteic 
described  above. 


111.  Results 


1.  Digestion  of  cobroto; 


acid  protease 


The  fragmentation  of  protein  in  the  study  of  disulfide  bridge® 
is  usually  carried  out  with  pepsin  under  acidic  pH.  However, 
cobrotoxin  is  not  attacked  by  pepsin  (il)  and  ia  also  not  cleaved 
t*  single  cystine  peptides  by  either  trypsin  or  chyrs trypsin  or  the 


2 


coffifelaation  of  bath  (i).  Consequently ,  the  fragmentation  of  tha 

toxic  was  carried  out  with  acid  protease  A. 

Fig.  1  shows  the  distribution  of  cystine  peptides  after 
electro phoresis  of  the  acid  protease  A  digest  of  cobrotoxln  at 
pH  5*4.  Five  peptide  bands  were  obtained,  of  which  tho  neutral 
band  All  was  re fractionated  by  electrophoresis  at  pH  1.9.  A® 
shown  In  Pig.  2,  the  band  wan  resolved  into  one  major  band  AJ’la  and 
two  minor  bands  Aflb  and  AIXc.  All  cystine  peptides  were  oxidised 
by  perform! c  acid  and  the  resulting  cysteic  acid  poptide®  were 
separated  by  electrophorosi a  at  tho  same  pH  (Figs.  1  and  2).  The 
eyjrtaic  acid  peptides  sufficient  enough  to  give  results  were  eluted 
for  amino  acid  analysis.  The  amino  acid  composition  and  tha  most 
possible  sequence  of  the  paptidas  are  presented  in  Table  I. 

Band  AXi  Five  cystoic  acid  peptides  were  resulted  from  this 
fraction  ne  shown  in  Fig.  1.  ATa  gave  on  initial  yellow  color  in 
ninhydrin  reaction  and  had  an  amino  acid  composition  of  CySO^K^, 
Aap^,  Tfar^,  Glu^,  GIy2  which  could  only  represents  the  sequence  of 
Gly-Gly-Glu-Thr-Asp-CySQqH  in  cobrotoxin.  Aspartic  acid,  not 
asparagine,  was  present  in  this  peptide  as  comparing  the  mobility 
with  Alb.  The  occurrence  of  aspartic  acid  in  this  peptide  indi- 
entea  that  asparagine  originally  present  at  the  position  had 
partially  converted  to  aspartic  acid  during  24  h  incubation  at 
in  5  %  acetic  acid.  Alb  gave  tha  composition  as  indicated  i» 

Table  I,  suggesting  that  it  is  a  mixture  of  two  peptides,  one  ©f  . 
which  is  Ale  since  it  ran  partly  overlapped  with  this  peptide. 

Upon  deduction,  the  other  peptide  must  be  tha  sequence  of  Gly-Gly- 
Giu-Thr-Asn-CySC^H,  which  differs  from  Ala  only  in  having  on®  aasid® 
group  and  therefore  being  less  acidic.  Ale  was  determined  tm  a* 
tho  sequence  of  Leu-Glu-CySO^H-His ,  since  these  four  ,uaii»  acids 
do  not  occur  together  elsewhere  in  the  molecule.  Aid  and  Ala  were 
still  impure  at  this  stags,  and  since  these  poptidet*  had  no  eysteie 
acid,  no  attempt  was  mad a  to  purify  them.  From  tho  composition  of 
peptides;  Ala  and  Ale,  it  clearly  indicates  that  the  two  cysteic  acid 
peptides  area©  from  a  single  cyctine  peptide  of 

Lcu-Giu-CyS-Mi s 
Gl  y-31  y-Gl  vt.-Thr-A  sn-CyS 

Band  Alii  It  in  a  neutral  peptide  at  nil  5.4  and.  can  be 
separated  into  one  major  band  ami  two  minor  bands  at  pH.  1»9  (Fig.  2). 
.On  oxidation,  the  major,  band  Alla  resolved  into  at  least  eight 
cysteic  acid  peptides.  The  major  cysteic  acid,  peptides,  Allaj  and 
Alla- ,  were  eluted  for  amino  acid  analyses  without  further  purifi¬ 
cation,  AIIoj  gave  the  result  (Table  I)  indicating  that  it 
represents  the  sequence  from  tho  position  (42-)43  to  6l(~62)  of 
cobro toxin.  Hence  it  is  a  double  cystine  peptide,  of  which  tha 


-CyS-CyS-  linkage  in  sequence  was  not  cleaved  by  acid  protean®  A. 
AII«2  was  still  a  complex  mixture  as  indicated  from  its  composition 
and  nay  probably  represent  the  same  sequence  with  different  aaayaie 
cleavages*  In  order  to  establish  the  containing  two  disulfide 
bridges,  Alla  was  further  subjected  to  partial  acid  hydrolysis  as 
described  later. 

Band  AIIIs  It  was  stained  only  weakly  with  CH-nitroprusside* 
AXIXa  gave  the  composition  of  CySO^Hj,  Asp?i  and  Arg^  on  amino  acid 
analysis  and  probably  contained  two  anpartyl  residues  as  judging 
from  its  mobility  at  pH  5.4.  Therefore,  the  sequence  of  the 
peptide  might  be  Arg-CySO^H-Asp-Asp.  Alllb  and  AXIXc  were  still 
impure  at  this  stage.  They  nay  also  represent  the  sequence  from 
position  42  to  62  with  a  contamination  of  other  cysteic  acid 
peptides  from  different  cystine  peptides.  Since  these  bonds  only 
represented  a  mixture  of  minor  varieties  of  tho  sequence  which 
contained  at  least  three  disulfide  bonds,  it  was  not  further  dealt 
with. 

Band  AIVi  Only  two  cysteic  acid  peptides  appeared  on  perforalc 
acid  oxidation  (Pig.  l).  AlVa  was  stained  initially  yellow  with 
ninhydrin  and  had  one  net  negative  charge  at  pH  5 .4.  The  compo¬ 
sition  was  determined  as  given  in  Table  I  which  represents  the 
sequence  of  Thr-Pro-Thr-Thr-Thr-Gly-CySO^H-Ser,  since  these  residues 
only  occur  together  in  the  sequence  ir  cobrotoxin.  AXVb  was 
neutral  and  had  the  composition  :o  be  the  sequence  of  Arg-Gly- 
CySO^H-(Gly) .  So  it  is  clear  that  those  two  cysteic  acid  peptides 
arose  from  a  single  cystine  peptide  of 

Thr-Pro-Thr-Thr-Thr-Gly-CyS-Ser 

Arg-Gly-Cyl- (Gly) 

f  Band  AVi  Four  cysteic  acid  peptides  arose  from  this  band  on 

oxidation.  AVa  was  identical  with  Ale .  AVb  and  AVc  had  the  same 

composition  and  represent  the  same  sequence.  However,  AVc  had  one 
moro  lysyl  residue  than  AVb,  this  may  account  for  AVc  which  migrated 
more  toward  the  cathode  than  AVb.  AVd  had  an  unknown  spot  (behind 
aspartic  acid)  on  elcctrophoretograa  at  pH  1.9,  it  is  probably 
suggestive  of  oxidised  tryptophan.  Thus,  these  cystoic  acid 
peptides  must  be  arose  from  a  single  cystine  coquence  by  different 
ensyraic  cleavage  and  the  cystine  peptide  would  be 

Leu-Glu-CyS-Kio 

CyS-Tyr-Lyc-Lys-Arg- (Trp) 

The  presenco  of  three  basic  residues  may  account  for  this  peptide 
moving  furthest  toward  cathode. 
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f 

{ 

Partial  aeid  hydrolysis  was  performed  with  Alla  isolated  from  .  j 
400  wg  ef  eobrotcsin  under  tha  conditions  daecribsd  in  Kathode.  { 

Fig.  .1~A  shows  th«  electrophoretic  separation  of  eyatino  peptides  \ 
from  acid  hydrolysates  of  Alla.  Band  PZ  was  considered  too  weak 
to  giro  any  results  after  oxidation,  so  it  was  not  further  dealt 
withe  Tha  remainder  of  the  bands  were  oxidized  with  perforate 
acid  and  separated  by  electrophoresis  at  pH  5.4  (Fig.  3"®) •  Fro® 
their  electrophoretic  mobilities  and  composition,  it  is  possible  .  j 
to  deduce  the  structure  of  these  cystoic  acid  peptides  and  the  j 

results  are  given  in  Table  IX. 

Band  PI I*  Six  cystoic  acid  peptides  arose  from  this  band.  j 

PXX<  ,  PXIjj  and  Pllg  represented  the  same  sequence  at  different  j 

acid  cleavage,  in  which  aspartyl  residue*  was  present  rather  than  | 

asparnginyl  as  comparing  the  mobility  with  PXIXg.  PXXj  which  { 

gave  an  initial  yellow  ninhydrin  color  had  only  CySC^H  and  Gly ,  | 

indicating  t©  b®  the  sequence  of  Gly-CySSjH  located  at  the  posl-  j 

tions  42  and  43.  PXI2  and  PIIj  were  too  weak  to  give  results.  j 

Thus,  all  of  these  cyateic  acid  peptides  must  arose  frost  the  single  j 
cystine  peptide  of  i 

■  •  •  I 

Gly-CyS  I 

Glu-He-Asp-Cyl 

j 

Band  PXIXt  It  gavg  five  cyateic  acid  peptide®.  Pills  was 
probably  a  mixture  of  CySO^H-Asp  and  CySO^H,  sine©  both  would  ' 

expect  to  move  at  the  sane  distance,  whereas  Aap-CySOjH-CySOjH 
moved  faster  as  shown  in  PIVj.  PXXX4  has  a  structure  ®f  XI ©-Gin-  | 

Xle-Asa-CySOoH-CySO^H.  .  As  compared  the  mobility  with  FIV^,  j 

aspartyl  residue  would  be  present  as  on  amide  fora.  .  PXIIj  was  a  J 
di peptide  of  CySO-H-Asn,  as  judging  froa  its  mobility,  and  was  '  j 

probably  not  Aan-CySO^H  from  tha  positions  53  and  54,  sine©  tha  i 

amid®  group  would  expect  to  go  off  before  cleavage  of  the  Xi®-A.*n 
linkage.  PXXIg  and  FIIIj  have  tha  sequence  of  Glu-Xl@-Aram~CySO.lH  | 
and  Gly-Ile-Glu-Ile-Asn-CySOjH,  respectively.  The  former  ha®  the 
same  composition  as  Pllt,  but  with  different  mobility  suggesting  j 

the  presence  of  asparaginyl  residue.  Thus,  those  cystoic  acid 
peptides  probably  arose  from  two  cystine  peptides.  On®  of  which  is 

CyS  ! 

i  i 

Gly-Ile-Glu-Ile-Asn-CyS  j 
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and  the  other  la 


CyS 

! 

Xlo-Glu-Xle-Asn-CyS-Cy 

Cy 

Band  PIVi  It  gave  five  eystaic  acid  peptides  on  porforaic 
acid  oxidation*  PIV^,  PIV4  and  PIVe  represented  the  sene  soquaae® 
at  different  acid  cleavage  and  the  -Cy3-CyS-  linkage  still  r©Ealn®d 
intact*  .  PIV2  vas  identical  vidi  PIXX3.  PIV^  was  probably  a 
Mixture  of  two  peptides  Gly-CySO*H-Pr©  and  CySG^H-A ata-A sn ,  sine® 
these  residues  should  not  occur  together  in  the  sequence. 

Therefore,  the  cystino  peptide  would  be 

Gly-CyS-Pro 

Gly-Ile-Glu-Ile-Asp-CyS-CyS 

CyS-Asn-Asm 

Band  PVi  Three  ~yateic  acid  peptides  arose  froa  this  bead  on 
oxidation.  PV1  and  PV2  were  dipeptidas  of  CySCMJ-Pr®  and  Gly» 
CySO^H ,  respectively.  PV^  contained  only  CySO^H.  Therefore, 
the  cystine  peptides  would  probably  bo 

Gly-CyS  CyS-Pr© 

|  and  | 

CyS  CyS 

Band  PVI J  This  band  yielded  only  cysteic  acid  after  perforate 
acid  oxidation.  So  the  band  could  be  the  free  cystine  which 
probably  represents  the  residues  at  the  positions  55  and  60,  since 
the  cleavage  of  the  linkages  CyS-Thr,  CyS-Aan  and  Arg-CyS  would  be 
expected  to  be  easier  than  those  of  -CyS-CyS-  and  Xle-Asn-CyS 
linkages. 


XV .  Discussion 

The  specificity  of  acid  protease  A  for  cobrotoxin  was  observed 
in  this  study.  .  The  enzyme  vas  apparently  to  split  the  bonds  that 
are  amino  terminal  to  arginine  for  peptides  AlXXa,  AXVb,  AVu,  AVd 
and  non-cysteic  acid  peptide  Arg-Gly-Tyr  (not  recorded) .  With 
relatively  high  recoveries  of  peptides  Ale,  AlVa  and  AVa,  it.  also 
indicated  to  split  the  bonds  that  are  carboxyl  terminal  te  histi¬ 
dine  or  glutamine  or  serine.  An  interesting  result  was  obtained 
with  peptides  Alarb  and  AVb-d,  in  which  the  enzyme  attacked  either 
side  of  the  cystinyl  residue.  A  similar  result  was  also  observed 
with  peptide  AlVb,  in  which  the  enzyme  attacked  one  side  of  the 


6 


The  g©l@st£riiy  a#  partial  acid  hydrolysi &  «sd#r  tin®  condition 
iszad  la  tils  ©spasriaoist  was  observed  with  tho  double  cystine 
paptid®  All®  which  contains  tha  -CyS-CyS-  linkae®  in  ssqusnc#. 

Th*  largest  peptide  is®2atad  frets  tS?e  fayfir»!ysat«  was  peptide  PIP 
which. strongly  suss sat 3  that  astansi »a  cleavage  at  tha  linkages 
of  Fro-g@r  (44-45) ,  A»n-61y  (48-4?),  CyS-Thr  (55-56)  and  Ar@-CyS 
(59-60)  had  occurred*  Tha  isolation  of  peptides  PI 2  ®ad  PHI  in 
higher  asoumt  indleatsd  that  cleavage  of  tha  -Cy5-CyS-  links®*  in 
sequence  had  occurred  before  the  cleavage  of  linkages  between  JQ 
to  54  which  is  sterically  hindered  by  two  ieclowcyl  raBlduea. 

The  absence  of  cystinyl-aspartic  acid  also  indicated  that  aspara¬ 
gine  at  the  position  6i  was  released  baforo  the  cleavnga  of  -CyS- 
CyS-  linkage.  This  would  account  for  th®  fact  that  free  cystine 
(PVX)  was  present  in  appreciable  amount  and  that  no  cystine 
peptides  were  detected  to  confirm  the  position  of  tha  fourth 
disulfide  bridge. 

Of  total  cystine  peptides  isolated  fro 0  tha  hydrolysate ,  about 
60  %  was  obtained  without  tbs  presence  of  -CyS-CyS-  linkage  in 
sequence,,  and  most  of  tha  eystoinyl  residua  at  tha  position  43  w®» 
still  labeled  with  either  glycyi  as  prolyl  residue.  This  would 
enable  us  to  establish  the  third  disulfide  bridge,  and  th®  fourth 
which  East  therefore  b®  joined  tog-ether. 

Th®  result  of  this  study  was  summarised  in  Pig.  4,  which  gave 
the  complete  structure  of  cobrotosin  showing  the  position  of  th® 
disulfide  bonds  and  th®  saqwescs  of  the  amino  acid  residues.  It 
i»  cle*r  that  the  sequence  froa  the  position  25  to  40  ia  exposed 
outwardly  ®sa  tha  protein.  This  was  anticipated  as  described  in 
th®  processing  paper  (l).  An  interesting  feature  of  tha  strueiur® 
is  that  it  contains  «  ring,  in  which  the  disulfide  bond  in  posi¬ 
tions  55  to  €0  i m  included.  This  ring  ia  th©  same  else  no  the 
similar  disci  fid  3  ring  found  ia  exytosin,  vasopressin  and  insulin 


biological  significance. 


It  is  also  significant  that  cobrotosin,  having  only  62  amino 
acid  residues,  contains  four  disulfide  bonds  and  that  Its  full 
activity  depends  th®  integrity  of  those  four  disulfid®  bond®  (4). 
So  that  th®  conformation  of  cobrotosin  is  very  important  to  its 
biologic®!  functions.  Sine®  cobrotosin,  ia  richly  composed  of  th® 
hydrophilic,  aair.o  acids,  it  must  be  rolled  on  tha  disulfide  bond®, 
to  maintain  its  native  conformation  (2,  3) •  This  may  account  for 
tha  fact  that  four  distil  fids  bonds  are  prasent  out  of  62  rooldti®®, 
and  th®  fact  that,  in  the  prosanco  of  8  M  urea,  its  activity  is 
still  fully  retained  (4). 


The  petition  of  four  disulfide  beads  in  eobreisxin  woe  inves¬ 
tigated.  C©  brute  sin  was  digested  with  acid  prat aasa  A  and  tho 

resulting,  five  cystine  peptides  were  separated  by  -high-veltag# 
paper  electrophoresis.  The  identification  of  the  disulfide 
bridges  was  mads  by  determining  tho  amino  acid  composition  of  the 
corresponding  cysteic  acid  peptides  obtained  after  tho  oxidation 
of  the  single  cystine  peptides.  The  double  cystine  peptide  which 
contains  the  -CyS-C y&-  linkage  in  sequence  from  the  acid  protaaswn 
A  digest  was  further  partially  hydrolysed  with  acid  under  condi¬ 
tions  in  which  the  disulfide  bonds  ware  stable.  Five  cystine 
peptides  were  obtained  from  which  the  two  remaining  disulfide 
bridges  were  established.  Tha  specificity  of  the  acid  prot®»»#  f'% 
the  selectivity  of  acid  hydrolysis,  and  tho  structure  of  cob rate sin 
were  discussed. 
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A PPSHSIX  A-l 

Tabla  X 

Amino  acid  composition  and  the  meet  possible  s ®^s®ae®  of  cratsic  ac 
peptidsa  from  acid  protease  A  digest  of  cobrotozin 


Peptides 


Amino  acid  composition 


Probable  sequence  oJ 
the  peptides 


Ala 

Alb 

Ale 

A°pi.o'  Thr0.v  GI"o.6’  Glri.a 
CyS03Ha.3’  t“’o.9’  Ihpi.o-  Glui.7’  GlTi.a 
Uu1.3’  “lsl.3 

CtS03"i.i'  g1ui.o-  Uuo.8>  b1bi.o 

Gly«GXy-Glu-fhr-A®j>«j 
| hou-Glu-CySO jH-Ki 8  i 
M31y-GXy-Glu-fhr«*A®a*i 
L©u-Glu-CySOH-Kia  j 

3  J 

AIIa1 

AIXaa 

CtS°3H3.6’  Ao53.9’  Thr2.0’  £«r1.2>  G1“t.o’ 
“’'l.J1  V,10.7’  I1oi.8’  LyBl.o'  Ar»1.0  ’ 

C'E03H4.6’  l”p6.l'  Thra.l*  5"l.o-  Glo1.0' 
GlT1.0’  '''0.7’  llel.6’  L,’l.o’  Ar°1.0 

(43) -43  61- (i 

,  > 

?  | 

\ 

AXXXa 

CyS03Ml.l»  Aap2.l’  Ar90.6 

Arg-CySO  H-Asp-Asp  t 
J  | 

AXIIb 

Cj!0JHj.7'  Abp4.0’  Thr3.0-  Sap1.6* 

) 

l 

*  } 

Gly3.o’  Val0.8’  Ilel.?’  Ly"i.0’  Ar®2.0 

9 

•j 

AIIXc 

CyS03H2.4’  iop2.0’  Thr3.o’  **r1.5>  ““1.7’ 

j 

* 

Gly2.0*  Ile0.7’  ^“l.O’  Ar°0.9* 

i 

AIVq 

CpSO3H1.0'  ^.o’  Ser1.0-  Fr°i.o'  Gl71.0 

1 

! 

Thr-Pro-Tbr-Thr-Thr- 

Gly-CySO^H-Ser 

AXVb 

CyS03H1.0’  Glyl.5*  Ar0O.9 

Arg-Gly-CyJJO  H-  (Gly)i 
3  ; 

AVa 

CyS03H1.0’  G1u0.9’  LeU0.8’  Hia1.0 

Lou-Glu-CySO  H-His 

3  j 

AVb 

CyS03H1.0’  Iyri.o'  tiro1.0 

CySO  tt-Tyr-Lya 

3  1 

AVc 

CyS°3Hl*0’  Tyri.O’  Ly32.0 

CyS©  H-Tyr-Lys-t>y»  j 

AVd 

CyS03H1.0’  Tyri.O’  Ly32.0’  Ar°1.0’ 

CySO  H-Tyr-Lys-Lys-lj 

ox.  Trp 

ox.  Trp  ! 

1 
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.  Table  21  .  j 

Aaisio  acid  composition  and  probably  •oq'iiaaco  of  cystoic  acid  poptlda* 
obtained  frosa  acid  hydrolysates  of  the  double  cyotins  pop tide  Alla 


6  A 
5  CySO^^A 

.  CySC„H1  ;0 ,  Asp 

.  G 


aoi®  «M»qo«n®® 
the  peptidaa 


Asp-CySO^H 

Slen  * 

0*  { 

21e~Aop~Cy. 

Glu ,  ~ •  lie  .  _ 

G1u-I1®*-Abi 

XX@~GX  42 «  XI  ABO«Cy«0  ^H^CyflO 

CySGyi-Asn 

£51 a- II ®— A ara-CySO  H 


CySO_H 


Ila-Glu-Ile-Aap-CylOjH-CyaO^i 


Gly- 12  o-Glu-  Zlo-Asp-CySO^H* 
CySO  H 

CySO^H  "A  JKIS 

61y-CySO  H-Pro  ♦  CyS0>  H-Asa-Ai 

3  3  ; 

SySO^H  | 

Gly-CySO  H  ! 
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APPENDIX  B-l 


Acid  Protease  A 
Digest  . 
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Ki 5 .  1.  Electrophoretic  separation  of  cystine  peptides 

fross  acid  proteaae  A  digest  of  eebrotoxin  (pH  5.4,  40  V/cn 
90  ain)  and  of  cyateic  acid  peptides  from  the  cystine 
peptides  (pH  5*4,  40  V/ca,  60  min). 
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pH  5*4,  46 

’  the  cystli 
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I  The  amino  acid  sequence  of  cobrotoxin  has  recently  been  established  in  our  labora~ 
I  tory.  However >  in  consideration  that  the  disulfide  bonds  are  the  major  bonds  which  j 
v.„  maintain  the  protein  in  its  native  configuration  and  that  the  integrity  of  the  disulj 
fide  bonds  is  important  for  the  venom  toxicity,  it  is  therefore  essential  that  each  ; 
pair  of  the  half-cystinyl  residues  is  determined,  to  assist  in  the  elucidation  of  th) 
two-dimensional  st.ructure  of  cobrotoxin.  I 

The  fragmentation  of  protein  in  the  study  of  disulfide  bridges  is  usually  carried 
out  with  pepsin  under  acidic  pH.  However,  cobrotoxin  is  not  attacked  by  pepsin  and  j 
is  also  not  cleaved  to  single  cystine  peptides  by  either  trypsin  or  chymotrypsin  or 
the  combination  of  both.  Consequently,  the  fragmentation  of  the  toxin  wr.s  carried  j 
out  with  acid  protease  A.  j 

| 

Cobrotoxin  was  digested  with  acid  protease  A  in  5  %  acetic  acid  and  the  resulting  , 
S-containing  peptides  were  separated  by  high-voltage  paper  electrophoresis.  The  j 
identification  of  the  disulfide  bridges  was  made  by  determining  the  amino  acid  compd 
sition  of  the  corresponding  cysteic  acid  peptides  obtained  after  the  oxidation  of  th 
single  cystine  peptides.  However,  peptide  All  gave  the  result  indicating  that  it  j 
represents  the  sequence  from  positions  (42)-43  to  6l-(62)  of  cobrotoxin.  Hence  it  i 
a  double  cystine  peptide  which  contains  the  -CyS-Cy3-  linkage  in  sequence  was  not 
(Con'd)  i 
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cleaved  by  the  acid  protease  A.  Therefore,  the  peptide  was  further 
subjected  to  partial  acid  hydrolysis  at  37#for  10  days  with  10  N 
H2S0^  in  50  %  acetic  acid  containing  thioglycollic  acid.  Five  cystine 
peptides  were  obtained  from  which  the  two  remaining  disulfide  bridges 
were  established. 

The  result  of  this  study  was  summarized  in  Fig.  4,  which  gave  the 
complete  structure  of  cobrotoxin  showing  the  position  of  the  disul¬ 
fide  bonds  and  the  sequence  of  the  amino  acid  residues.  The  region 
of  the  molecule  from  residues  25  to  40  contains  most  of  the  basic 
and  the  functional  residues  in  clcse  order  and  is  completely  free  of 
prolyl  and  cystinyl  residues.  This  uncross-linked  loop,  projecting 
outward  from  the  molecule  because  of  its  hydrophilic  character.  It 
is  the  only  region  in  the  molecule  where  potentially,  a  considerable 
degree  of  t^-helical  structure  could  be  present  and  may  play  an 
important  role  in  toxicity.  (Author) 


v 


Unclassified 


Mcmrity  CU*»iflc*tica 

...  -  J 

14.  . 

R1Y  HROI 

UMK  * 

LINK  • 

bINN  •  | 

cm 

T 

mg 

TIT 

mn 

W  T  j 

Cobrotoxin 

Structure 

Isolation 

Amino  acid 

Venom  Toxicity 

Electrophoresis 

Peptide 

Oxidation 

Amino  Acid  Analysis 

Formosa 

• 

.  i 

| 

) 

i 

i 

:i 

j 

1 

\ 

i 

, 

i 

? 

\ 

1 

s 

l 

i 

i 

i 

! 

) 

( 

i 

i 

i 

i 

i 

f 

\ 

\ 

4 
) 

) 

j 

5 

i 

f 

! 

| 

■1 

i 

I 

Unclassified  1 

tocwW  CUssUScstiM 

( 


